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Evaluation of Preload Reserve During Isometric Exercise
Testing in Patients With Old Myocardial Infarction: Doppler
Echocardiographic Study
KAYO HAYASHI . MD, KENJI DOTE, MD, YASUSHI SUNAGA, MD, TETSURO SUGIURA, MD .
TOSHIJI IW'ASAKA, MD. MITSUO INADA, MD
Ova`e Japan
To estimate the preload reserve in response to an increase in
afterload in patients with old myocardial infarction, the relation
between the Doppler eehocardiographic inflow velocity pattern
mid left remricular end-diastolic pressure was investigated during
isometric hnndgrip exercise testing
. The study population con-
sisted of 16 normal subjects and 40 patients with old Myocardial
idaretion . The 40 patients were subdivided into two groups
accordag to left ventricular end-diastolic pressure at rest :
group 1(22 patients), less than I8 mm Hg ;
group 11(18 patients),
18 mm Hg or amore .
At rest, me ratio of peak velocity in atria) contraction phase to
peak velocity In early diastolic filing phase )A/511 was significantly
higher in the patients with old myocardial idarction than in
The transmittal inflnv velocity pattern obtained by pulsed
Doppler echocardiography has been used recently to assess
left ventricular diastolic function (1-6), Impaired left ven-
tricular diastolic filling properties have been reported (7-12)
in patients with coronary artery disease, even in the absence
of
evidence
of deterioration of left ventricular systolic func-
tion . Although left ventricular end-diastolic pressure is a
clinically useful index of prekmd, it Ca,, ne determined only
by invasive techniques . Investigators 113-15) recently at-
tempted to estimate this variable noninvasivc!y by compar-
ing the Doppler-determined inflow velocity pattern with left
ventricular filling pressure obtained at cardiac catheteriza-
tion . However, this pattern is influenced by many hemody-
namic factors, such as afterload, left atria) filling pressure,
myocardial stiffness and chamber stiffness (1,14,16-18).
Therefore, it may not be adequate to estimate preload by
evaluating the velocity pattern only at one point .
In this study, the relation between changes in the left
ventricular iaflow velocity pattern and left ventricular end-
diastolic pressure was investigated during isometric hand-
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normal subjects ; values in The two subgroups of myocardial
infarction did not differ significantly. The A/E ratio and left
ventricular end-diastolic pressure increased signilcanlh during
exercise in group 1 . Conversely, the change in left ventricular
end-diastolic pressure during exercise In group II was signifiantly
greater than that in group l, end was asseciided with a decrease in
the A/E ratio.
Thus, an atrial compensatory mechanism operated effectively
in response to the increase in afterluad in pabeats with a normal
left ventricular filling pressure, whereas thin compensatory mashn
emism deteriorated in patients with elevated left ventricular mliag
pressure due to a limited pnelnad reserve .
ti Am Coll Cardial 1991;17:106-111
grip exercise testing to estimate nontnvasively the preload
reserve in response to an acute increase in afterload in
patients with old myocardial infarction,
Methods
Study patients . Th .t study population consisted of 16
normal volunteers (10 men and 6 women, mean age 51 *- 9
years) and 40 patients with old myocardial infarction (30 men
and 10 women, mean age 57 = 8 years) . Normal volunteers
were recruited from among members of the hospital staff
who had 1) a normal medical history, 2) normal physical
examination, chest radiograph and echocardiogram and 3)
negative exercise test.
Forty patients with a history of myocardial infarction
underwent catheterizabon for evaluation of cardiac function
and coronary artery lesions, and all were found to have
coronary artery obstruction with left ventricular wall motion
abnormalities. None of the patterns had post-infarction an-
gina . The 40 patients were subdivided into two groups
according I,
,
the left ventricular end-diastolic pressure at
rest: group I, less than 18 mm Hg (22 patients, mean age
58 t 8 years) and group 11, 18 mm He or mare (18 patients,
mean age 56 ± 9 years). All patients were in sinus rhythm .
Patients with diabetes mellitus and moderate or severe mitral
regurgitation on color Doppler echocardiography were ex-
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Figure l. Variables derived from the transmitral inflow
velocity pattern
. Peak velocity in the early diastolic
filling phase (E), peak velocity in the anial contraction
phase (A) and their ratio (A/E) and acceleration half-
time (ART) and deceleration half-time (DHT) of the
rapid filling phase are obtained . AHT and DHT are
corrected by heart rate (/ V1 .
eluded from this study . No patient had a history of hyper-
tension or evidence of left ventricular hypertrophy on echo-
cardiography. Use of all cardiac medications was
discontinued for at least 48 hours before the study . All
patients gave written, informed consent before the study .
The study protocol was approved by the Kansai Medical
University Committee of Human Research
.
Pulsed Doppler echocardiographic studies (Fig . 1). An
Aloka 5SD 880 or 870 ultrasound color Doppler system was
used. The measurements of transmittal inflow were per
formed from the apical four-chamber view . With the guid-
ance of a real-time two-dimensional color Doppler flow
image, the Doppler sample volume was placed at the level of
the mitral attains and the position was then adjusted so as to
direct the ultrasound beam parallel to left ventricular inflow
.
Flow velocity curves were recorded for at least three cardiac
cycles on a strip chart at a paper speed of 100 mm/s. Left
ventricular filling velocity was characterized by a hiphasic
pattern including the early diastolic filling phase (E wave)
and the late atria) contraction phase (A waver . Peak velocity
of the E wave (cm/s) and A wave (cnt(s) and their ratio
(ME)
were measured . The acceleration half-time/ 1/'R_-Runs) and
deceleration half-time/ RR (ms) of the E wave were also
obtained .
Isometric handgrip exercise
. After 20 min of rest in the
supine position
. each subject performed the prescribed iso-
Table 1 . Changes in Heart Rate, Blood Pressure and Pressure-Rate Product During Exercise
HR Ibeats/min)
p value (R vs E)
SBP (in. Hill
p value (R vs E)
DBP (mm Hill
p value (R es E)
PRP(x10'owHeimm)
p value tR vs EI
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metric exercise test using a handgrip dynamometer, which
was held at 50% of the maximal voluntary contraction for 2
minutes. The left ventricular filling velocity pattern, systolic
blond pressure, diastolic blood pressure, heart rate and
pressure-rate product were measured at rest and during
exercise.
Cardiac catheteriation . The 40 patients with old myocar-
dial infarction underwent cardiac catheterization using the
Judkins technique within 24 hours (mean 21 ~ 2) after the
pulsed Doppler echocardiographic examination . Left ven-
tricular end-diastolic pressure was measured using a fluid-
filled catheter before coronary angiography and left ven-
triculography . Left ventricular end-diastolic pressure was
taken as the point that followed the A wave at which left
ventricular pressure increased sharply . Left ventricular
end-diastolic pressure al rest was measured in all
40 patients,
and in 14 of them it was also measured during isometric
exercise .
Statistical analysis, Analysis of variance and Scheffe's
method were used to assess the differences among the three
groups . A Student I
test was used to compare two patient
groups and a paired r test for paired samples
. Statistical
significance was accepted at the 95% confidence level (p <
0.05) . Linear regression analysis was performed by the
least-squares method . Values arc given as mean ± SD.
N = natural subjects : I - patients with old myocardial inrastlon mid rest tell
venrneularend-diastole messure
< 18 mm
He:
11 - patients with old myocardial m6rcvnnnvd rot
to t .enUiculareoddastelic procure SIP mm Hg.
DBP - diastolic blood pressure : E = esercive ; BR
- hear ate: PRP - prcssurnreu product : R = rest: SBP =
systolic blood pressure .
107
N .
(n = 16)
Ie
In = 22)
lit
In = It) F Value
R 64 5
63_10 66_9 0.49NS
F 72v6
69014 74011 111 NS
<0.001 <0.01 <0.01
R
113
! 12 124 '- 20 117 0 14 7.24 NS
E 146 0 12 153 0 25 141 0 23 163 NS
<0.001 <0.01 <0.01
79 ! 10 8(x8 79'-9 0.26 NS
99 : 8 98 0 11 94 L 14 0.74 NS
<0.001 <001 <0.01
R 68011-I 78-t5 76D14 0.24 NS
E
106 ± 13 105 ! 26 104 - 21 0.02 N5
'0 .001 <0 .01 <R n1
108
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Results
In none of the patients did exercise-induced chest pain, ST-T
changes or arrhythmia develop during handgrip exercise .
Heart rate and blood pressure response during isometric
handgrip exercise (Table 1). Heart rate, blood pressure and
pressure-rate product at rest did not differ significantly
among the three groups . Values for all three indexes in-
creased significantly during exercise, with no significant
differences observed among the three groups at 2 min of
exercise .
Doppler lbw measurements at rest (Fig. 3). The A/E
ratio was significantly higher in both groups with old
myocardial infarction than in the normal subjects ; values
did not differ significantly between the two sub mops of
myocardial infarction . Acceleration half-lime/ 'JR-R, decel-
eration half-time/ V~RRand acceleration half-time!
R R+
deceleration half-time/ V did not differ significantly
among the three grollf's .
Response of Doppler flow measurements during isometric
handgrip exercise (Fig
. 3, 4 and 5) . Peak velocity of the E
wave did not change significantly
. but that of the A wave and
the A/E ratio increased significantly during exercise in the
norms) subjects
. Peak velocity of the E wave decreased
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Figure 2. Comparison of peak velocity in early diastolic
filling phase (El. peak velocity in atrial contraction
phase (AI and their ratio IA/E) at rest in the three
groups. The A/E ratio in groups I and 11 is greater than
that of normal subjects (N), but there are no significant
differences (N .S.) between the two groups with old
myocardial infarction. 'p < 0.05. "p < 0
.01 .
significantly. whereas that of the A wave and the A/E ratio
increased significantly during exercise in group 1 . In group 11,
peak velocity of the E wave increased significantly, peak
velocity of the A wave decreased in 14 of IB patients and the
A/E ratio decreased significantly during exercise . As a result,
the AIE ratio in group 1 was significantly higher than that in the
normal group and group 11 at 2 min of exercise . The change in
A/E ratio in group I was significantly greater than that in the
other two groups, whereas the change in group 11 showed a
negative value that was significantly smaller than tha' in the
other two groups. Acceleration half-time/ V + the decel-
eration half-time! %/R-- R did nut change during exercise in the
normal group (4.7 < 0.4 to 4 .6 -_ 0 .6 ms) or in group 1(5 .1 ± 0.9
to
4 .)
t
0 .9 ms), but shortened significantly (4.7 ± 0.7 to 4,2 +_
0 .8 ms) during exercise in group 11 (p < 0
.01)
.
A/E and left ventricular end-diastolic pressure (Fig . 6 and
7). In group 1, heart rate and blood pressure at rest during
cardiac catheterization were 64 ± 8 beats/min and 123 ±
15/80 ± 8 mm Hg, respectively, and in group 11 they were
66 ± 8 beats/min and 118 ± 10180 ± 10 mm Hg. Heart rate
and blood pressure at rest did not differ in the two subgroups
at the time of Doppler examination and cardiac catheteriza-
tion (Table 1). There was no significant correlation between
Figure 3. Comparison of peak velocity in early dias-
tolic filling phase (E), peak velocity in atrial contrac-
tion phase (A) and their ratio WA/E) among the three
groups at 2 min of exercise . The A/E ratio in group I is
significantly higher than that in the other two groups .
'p10.05 . p 0 .01 . ""p < 0.001,
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Flgure 4 . Response of the transmhral inflow velocity pattern during
exercise- The ratio of peak velocity in atrial contraction phase 1o
peak velocity in early diastolic filling phase WE) in normal subjects
and group I increases during exercise . whereas that in group 11
decreases during exercise. LVEDP = left vcrancular end-diastolic
pressure .
AlE and the left ventricular end-diastolic pressure at rest in
the 40 patients with old myocardial info, t:on . In 14 of the
40 patients (eight from group I and six from group 1l) . tell
ventricular and-diastolic pressure was also umasuled during
isometric handgrip exercise . The Ar'E ratio and left ventric-
ular end-diastolic pressure increased significantly in group [
(from 11 ± 3 to 13 ± 4 mm Hg) . Conversely, despite a
significantly greater increase in left ventricular enddiasiolic
pressure in group 1L 123
.
3 to 30 S mm HR) than that in
Figure S. Change h, the ratio of peak velocity in atria] contraction
phase to peak velocity in early diastolic filling phase l AlEI in each
group. The GALE in group I is significantly greater than that in the
other groups, whereas
dAIE
in group 11 is smaller than that in the
other groups . 'p < 0 .0s, "p < 0.01 . ' a'p < 0.001 .
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Figure 6 . Relation between ratio of oeak velocity in aired contrac-
tion phase to peak velocity in early diastolic filling phase WE) and
lert ventrcular emldiastolic pressure )LVEDP) at rest, There is no,
significant
",elation
between theselwo varables at rest in patients
with old mvocnrdiai infarction.
group 1, the AlE ratio decreased during exercise in all
patients in group 11 .
Discussion
Previous studies . Doppler echocardiography is a simple
nuninvasive method for evaluating cardiac function in pa-
trents with coronary artery disease (1-3,6-8,191 . Doppler-
derived indexes are little influenced by left ventricular
asyuergy compared with values determined using cineatsd[-
ography . madionuclide angiography or digitized M-mode
echocardiography . Furthermore• the difference in mitral
inflow velocity pattern appears to be related more to mya
cordial function and bemodynamic status than to disease
type (16). Several investigators (5,13,14 .t&-1g) have re-
ported the relationship between the Doppler-derived inflow
velocity pattern and left ventricular pressure . Kuecherer et
Figure
1 .
Changes in the ratio of
peak velocity in atrial contraction
phase ro peak velocity in early diastolic filling phase (AIM and left
ventricular end-diauolic pressure (LVEDP) during exercise
. The
A/E 'ncreases with a slight increase in
end-diastolic
pressure in
grocp I (closed circlet . In group 11 (apaa elide), the change in
end-diastolic pressure is significantly greater than that in group I.
but
AtE
decreases in all patients during exercise
.
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al . (141 observed that the Doppler-derived inflow velocity
pattern was related to left ventricular filling pressure and, in
patients with a high left ventricular end-diastolic pressure,
the flow distribution
shaved
predominantly early filling .
Charmer et al
. (13) observed that left ventricular end-
diastolic pressure could be estimated from the ratio of the
areas of the two waveforms . However, these studies used
only the Doppler velocity pattern at rest . In our study, the
difference in response of the leh ventricular inflow velocity
pattern to isometric exercise was evaluated in patients with
normal (<I) mm Hg) and elevated (=Ii mm Hg) left
ventricular end-diastolic pressure,
XT ratio and left ventricular end-diastolic pressure at real .
Al rest, peak velocity of the E wave was lower, peak
velocity of the A wave was higher and the AlE ratio was
significantly higher in patients with myocardial infarction
than those in the normal subjects, indicating that left ven-
tricular diastolic function was impaired in both subgroups of
myocardial infarction . However, ANE at rest was not related
to left ventricular end-diastolic pressure : a wide range of
pressures was obtained with the same AlE
. indicating the
difficulty in estimating let ventricular end-diastolic pressure
from the Doppler inflow velocity pattern at a single point .
Al and left
ventricular
end-diasrolic pressure thing
isometric exercise
. Isometric handgrip exercise testing in-
creases blood pressure with only a moderate increase in
heart rate, and this presents a simple and accurate approach
to evaluating left ventricular performance in patients with
coronary artery disease (20-2K) . In this study, the Doppler
inflow velocity pattern and left ventricular end-diastolic
pressure were evaluated during isometric handgrip exercise
in patients with old myocardial infarction to elucidate the
preload reserve in response Loan acute increase in afterload .
As a result, the
.WE ratio increased significantly and left
ventricular end-diastolic pressure remained at low level in
group 1, whereas despite a larger increase in left ventricular
end-diastolic pressure, the AlE ratio decreased in all patients
in group It. A new asynergic zone without clinical evidence
of ischemia has been observed (22) to appear during hand
grip exercise testing in patients with coronary artery disease,
Ludhrook la al . (27) reported that asynchronous relaxation
was exaggerated with the increased ventricular preload and
aftedoad induced by isometric handgrip exercise .
Therefore, a decrease in peak velocity of the E wave and
increase in peak velocity of the A wave indicates that
impaired left ventricular relaxation progressed further during
early diastole in response to acute increase in alerload in
patients with normal left ventricular end-diastolic pressure
(group 1), but in
the latter halt of diastole, exaggerated atria[
contraction worked effectively with a slight increase in
preload . In contrast, left atria[ filling pressure increased
rapidly in response to an acute increase in afterlead in
patients with elevated left ventricular end-diastolic pressure
fgruup 11)
. Although elevated left atria[ pressure increased
early diastolic velocity, Iaft ventricular pressure increased
rapidly with left ventricular filling and, hence, the duration of
SACC vat. r7 . No . I
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filling in early diastole shortened and left ventricular dias-
tolic filling volume decreased
. In late diastole, a high left
ventricular pressure disturbed the compensatory augmenta-
tion of atria) contraction, leading to a decrease in the late
diastolic filling volume 129,30) . Thus, in patients with a high
left ventricular end-diastolic pressure, a compensatory
mechanism could not have operated effectively with an acute
increase in afterload due to a limited preload reserve .
Limitations. Two limitations of this study should be
addressed, First, Doppler examination and cardiac catheter-
ization were nor performed simultaneously . However, left
ventricular end-diastolic pressure was measured before any
interventions such as coronary angiography and let ventric-
ulography . Furthermore, left ventricular end-diastolic pres
.
sure measurement and Doppler examination were perfumed
under the Similar conditions, especially with similar heart
rate and blood pressure (31). Second, Doppler examinations
were performed by investigators who were blinded en
car-
diac calheterizalion data but were not blinded it) the pa-
t enr's prior scams . With the gaidance of a real-time two-
dimensional color Doppler flow image, we believe that the
smallest possible angle (<2Q% between the transmittal inflow
and the ultrasound beam was attained in all patients .
Clinical implications, Isometric and dynamic exercise are
performed
during routine daily activities . Therefore, in pa-
tients vilb old myocardial infarction, the hemodynamic
alteratio is during isometric handgrip exercise testing should
be evaluated to help manage their daily activities, The
method described herein, which eotnbnes Doppler echocar-
diography end isometric handgrip exercise, is a useful,
noninvasive means of predicting elevated left ventricular
filling pressure and evaluating cardiac reserve .
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